The migratory orientation of juvenile white-crowned sparrows, Zonotrichia leucophrys gambelli, was investigated by orientation cage experiments in manipulated magnetic fields performed during the evening twilight period in northwestern Canada in autumn. We did the experiments under natural clear skies in three magnetic treatments: (1) in the local geomagnetic field; (2) in a deflected magnetic field (mN shifted 90 ); and (3) after exposure to a deflected magnetic field (mN 90 ) for 1 h before the cage experiment performed in the local geomagnetic field at dusk. Subjects showed a mean orientation towards geographical east in the local geomagnetic field, north of the expected migratory direction towards southeast. The sparrows responded consistently to the shifted magnetic field, demonstrating the use of a magnetic compass during their first autumn migration. Birds exposed to a cue conflict for 1 h on the same day before the experiment, and tested in the local geomagnetic field at sunset, showed the same northerly orientation as birds exposed to a shifted magnetic field during the experiment. This result indicates that information transfer occurred between magnetic and celestial cues. Thus, the birds' orientation shifted relative to available sunset and geomagnetic cues during the experimental hour. The mean orientation of birds exposed to deflected magnetic fields prior to and during testing was recorded up to two more times in the local geomagnetic field under natural clear and overcast skies before release, resulting in scattered mean orientations. Migratory songbirds use information from the sun, the pattern of polarized skylight, stars and the geomagnetic field for orientation (reviewed in Emlen 1975; Able 1980; Baker 1984; Moore 1987; Wiltschko & Wiltschko 1995 (Able 1993; A rkesson 1994) . More recent analyses of cue-conflict experiments suggest that birds do not respond immediately to, for example, magnetic field shifts, but do so only after a number of repeated exposures. Therefore, the variability in test procedures used by different researchers to investigate effects of magnetic field shifts have been criticized (Wiltschko et al. 1998; Wiltschko & Wiltschko 1999) .
Migratory songbirds at high geographical and geomagnetic latitudes meet potential problems when using information from both stars and the geomagnetic field for orientation (Alerstam et al. 1990; Alerstam & Gudmundsson 1999) . For much of the polar summer, stars are not available for orientation at high geographical latitudes, resulting in limited possibilities for migratory birds to use a star compass before they begin autumn migration. In areas close to the geomagnetic poles, the geomagnetic field lines are steep (Skiles 1985) , and an inclination compass is expected to be unreliable for orientation (Wiltschko & Wiltschko 1972 ; for responses to artificial vertical magnetic fields see A rkesson 1994; see, however, A rkesson et al. 2001) . It is largely unknown whether species differences exist in the use of celestial and magnetic compasses and, in particular, whether the functional characteristics of the orientation system of migrating birds breeding at high geomagnetic latitudes differ from those of other bird species (Sandberg et al. 1991 (Sandberg et al. , 1998 A rkesson 1994; A rkesson et al. 1995; Alerstam 1996; Weindler et al. 1998 ).
